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The LOS Alamoa Meson Phyaica Facility (LAMPF)
operated with ainmltaneous H+ and H- beams until June

::::’:h::; :t;o:;;-::;::i;~ ::r:::’;;:;;y i;:

use. Tire scheme la baaed on time sharing between H+
and H- beam pulses. It is now possible to provide H-
beanw with enerfl as low aa 300 MeV along with the
usual 800+teV @ beams. lhe method requirea a
reduction in duty factor of the H+ and H- beams;
however, the total duty factor has been increased to
9% which co~ensates In large measure for the
reduction due to dual-energy operation. me necessary
modifications to the beam awitchyar’d and accelerator
timing svatems are described.

Introduction

The Los Alamoa Meson Physics Fdcility (LAMPF)
provides becm for a variety of purpoaea including
several different prograrrm in applied research as well
as a broad spectrum of fundamental research. ‘lhe
primary beams from the accelerator ● re H+ and H-
which have until recently been produced
simultaneously. The H+ beam is used primarily for
producinR secondary meson beams and various inotopen;
the beam ●ncrpy is normally 80fl MeV snd its intensity
in usually in exceoa of 0.5mA average current. The
H- beam 10 uoed pr:marily for nucleorrnucleon atudi?n
and directly au a nuclear probe; two eeparate H-
lII~PCtOrb ar@ available so that the H- beams can be
provided ●ither a, a polarized or as an unpolarized
beam. ‘ihe averaRe intensity of the polarized H- beam
is -150A (9% duty factor) and the unpolarized beem
Intenottv may be ae nuch ●s 6 bA.

Ai though mcnon production in mont copious with
tho full av.qil~ble energy of the N+ beam, the nucleon
phynicn program henefita Rreatlv t’rom ener~ variation
of the H- beam. ‘his need for ener~ variation could
not bp met by simply running the facility ●t lower
●ner~ for ext?nded perioda of time; the coct of
operation iR eo hiRh that ●ll production time mot be
●rtanRad to optimize ●fficianev with tha maxinum
nwnher of aimmltaneous uner8.

A pr~vioun inventigntion explored the ponnihility
of inducinR a lnrRe Pmugh phnno nnrillation to lpill
th~ H- benm at a low ener~2; unfn:tun,ltely thin
apprunch would not prnrluc~ a bQam 0? eatinfartory
quality, mk nn!y fe~ntble qolution hat been to
deliver time-nt’oaratad H+ an4 H- b?am pulnen a~
dtf!erwnt cn~rR~ea. Time-aharf.t~R purmitn the H
nvrraRe beam curr~llt tn he k~pt abov? 0.5 mA while
ri~livcrinR a low-anergy H- beam, aach with somewhat
radlirod duty factor.

Arcolorator Modifications. . . . . . . . . ., ---- “. .-.. -.—

ThP Itnrar acrci~rmtor ua~d at LAl$F han the
pruperty that, aotde from mtnnr nte*rin& problo~,
b?am trannport throuRh th~ ~cr~leratnr la nearly
unchanRed for baam ~n~r~i-n hotw@en 100 and 800 H@V,

‘Work performed under the auapic~m of tha U. fll
-,. . .—- . ... .... ~..”

Dapartmant of t!ncrpyo

Further, the machine in this region la organized in
separately powered accelerating modules each of which
haa an energy gain of approximately 16 MeV. nlus, to
provide the desired ener~ to a step size of 16 MeV,

no other machine adjustment la required ether than to
provide rf pouer to the appropriate number of modules.
The accelerator steering adjustments, at least with
low-beam current, are small enough when changing
energies so that the necessary changes can be made
almost entire~y by varying ateerinR in the regions
where the H beam is spatially separated from the H-
beam. Thus, uside from the change in duty factor,
operation at H- ●nergies bet een 300 an: 800 MeV does

$not affect production of an H 800+feV beam,

The baaic tima structure for the LAMPF beam is
120 beam pulses per recond with pulse lengths as long
as 750 US (9% df). Straightforward but extensive
modification of the LAMTF timing system were required
to permit pulsa--by-pulae control of the separate
beams.

The timing system is controlled by the Maater
Timer, whose moat baaic function is to supply properly
timad gates to the rf pwer modules and injectors. A

new Maater Timer waa devaloped to allow sharing of the
120 pulses per second between H+ and H- beam ~8te8 In

any programmed pattern (typically one out of three
pulses is H-), A high-ener~ or low-energy pracuesor
pulse precedes each beam gate,

The H- ener~ ia determined by a command which
t urna off acceleration beyond the rf module whera the
baam ranchea the desired aner~i Fbdulda enabled by
thio command do not turn on during the rf Rate if
preceded by the low-energy precutaor pulse. (These
modules follo~ instead the delayed rf Rate, which
permits eom~ rf power to be suppliaa after-’
pulse IB over to maintain resonance control, )

Beam Switchvard Modification--- . ..-— .-—_____

in the awitchyard, dual-aner~ operation
chanRea only to theH- baam tranaport downs
the first two bendinu maunate. LAflM.l-2. whe

h; beam

requirad
ream

04e the H
and H- bcaw
defl~ct theH$r~a~~p~~ited:” ‘iih ‘h’” bkm~t~ set toat 800 MeV, ●xtra deflection of
the low-enerw 1{- beam occurs, up”tn 5° extra at 200
MeVO The M- trajectory in rentored upntraam of the
flrnt transport alem?nt of th~ oriRtnal Line ,(
bammline by a pair of n~w bt?ndlnR magneta, ●s ahown in
FiR. 1, The firnt of the newm~gnetn has 25(l~mwfdth
of ROOd field reRlon in the bendinR plan~ tn cov?r all
low-enerRy trajertorioa$ ‘ihia artanRcment prenerv~n
th~ ●chromaticity of tho Lina-X 45° b?nd,

‘NO concarnn were fores~?n in t}i~ trannvorne
match of the low-aner~ N- bran to the d@niRt\ opticu
of Line Xl ftrat, the exppctad Rrtwth of benm pl~ane
epece due to ahnence of adiabatic da~inR, and necond,
changm in pllaae eparp ori?ntatinn, Fkanurrmentn made
●t an aarly etaR@ of dunl-enerw plfinninR ahrwed that
th?nc eff*rtn w-r~ ●mnlIer down tn 300 MPV than the
tlorm.ol tunlnR variation cxperi~nccd with i!ot)+pV H-,
find that the matchinR rapnbilitian or Line X wtra
ad~quate to maol op~rntinR rcquirornenta * tho
dnw!}atream beam linen, lhercfnrr, no ●xtra qwadrl,polo
● lem~nte were added.
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Fig. 1. H- beam trajectories in the awitchyard.

lhe design of the new bending magneta was
constrained in several way9. Seth magnets rust

operate in series from the same power supply without
any current shunting or other field correction
devices. ‘lhe field integral of the first magnet
(LXBMl~) nust be ex.ectly twice that of the second
magnet (LXS!411). ‘lhe magnets nmst provide correction
for any energy batween 200 and 800 MeV; this requires
a msxinum bend angle of 10° in LXB~O. me necessary
aperture was 10 cm and apace conatrainta in the rather
crcuded switchyard required “C” magneta with npecial
handling fixturea for installation.

Follcwing the above conatrainta the magnet
modeling code POISSON waa used to design both magneta.
The program waa used to select current densitie~ and
coil cross aectiona which would attain the desired
max!num fields, to adjust the transverse dimenaione to
give acceptable tranwcrse field uniformity, and to
make the iron dimenaiona larRe ●nough to avoid
anturation ●ffects.

‘lhe pole length waa chosen to SIVQ the required
field integral for LXS?UO OOO). Onehalf the length
was chosen for LXSM1l (50), then thr pol~tip lengthn
and chamfera were fine-tuned to improve the 2:1
tr~ckinR over the full ranue of excitation.

lhe coil denign Vn n conventional using
wat@r-cooled roctan~[lar conductor wound in panraken,

The conductor size was chosen to provide the desired
dc impedance.

Peaulta and Conclusions—— —.

The dual-energy o:]eratfon of LAMPF has performed

as expected. The maqnete performed well in accord
with the precfictiona of the design calculations. NO
major aurpriaes were found in performance of either
the ccceleretor or the awitchyard. Only a minor
●urprice in the erten: of the fringe field from one of
the ncw magneta waa found; thfa waa readily corrected
by addition of a “field clamp.”

This :hange in the operation of LAMPF has greatly
increaned the versatility of the fttcility ●ud
revitalized a msjor research area at LAMPF. There haa
been a drawuitic increaae in interest by the user
commnity in the use of the H- b?ama since the
inception of variable-ener~ operation.
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